After returning from Bali, Indonesia, in February 2014, a 72-year-old man was hospitalized in Okinawa owing to a high fever and rash. Dengue was clinically suspected, and the patient tested positive for IgM against dengue using a commercial kit. Serologically, the patient showed secondary seroreactivity. Significant increases in neutralization titers (N-titers) against all 4 serotypes of dengue virus (DENV) and Japanese encephalitis virus (JEV) strains were recognized in convalescent-phase sera comparing to acute phase sera. The N-titer against DENV serotype 1 (DENV-1) was the highest among all DENV serotypes. Interestingly, the N-titers against JEV strains were significantly higher than those against all types of DENV comparing to acute phase sera. The virus was isolated from the acute-phase serum and identified as DENV-1 and designated RD14/Okinawa. The patient's symptoms were due to DENV-1 infection. Phylogenetic sequencing analysis indicated that the isolate RD14/Okinawa belonged to genotype I of DENV-1, which is closely related to the Southeast Asian strains and isolates found during the dengue outbreak in Japan in 2014. We should undertake control measures against dengue in Okinawa, which is a subtropical area with Aedes albopictus activity throughout year.
INTRODUCTION
Dengue is a mosquito-borne viral disease caused by infection with 1 of 4 different serotypes of dengue virus (DENV-1, DENV-2, DENV-3, and DENV-4), which belong to the family Flaviviridae, genus Flavivirus, which includes different serogroups such as Japanese encephalitis virus (JEV). Previously, DENV infection was classified according to severity as dengue fever or dengue hemorrhagic fever (1) , but the World Health Organization (WHO) introduced new classifications in 2012: dengue with or without warning signs and severe dengue (2) . We use the term``dengue'' in accordance with this newer classification. Dengue is endemic in more than 100 countries in Southeast Asia, the Americas, the western Pacific, Africa, and the eastern Mediterranean region (3) , and recently it has been estimated that 390 million cases of dengue infection occur per year, of which 96 million manifest apparent symptoms (4) . Dengue is one of the most important emerging and reemerging infectious diseases not only because of its high incidence, which has increased 30-fold in the past 50 years, and the disease severity, but also because of the expansion of its geographical distribution, mainly via human modes of transportation, as well as the distribution of vector mosquitoes due to global warming (3, 5) .
An outbreak of dengue domestic infection of more than 150 patients occurred suddenly in Japan in August 2014 after a period 69 years with no outbreaks (6) . Aedes albopictus is thought to have been responsible for this outbreak. In western Japan, a dengue epidemic had previously occurred in 1942-1945, during the Second World War (7) . It is believed that military personnel who had contracted dengue in other parts of Asia brought it back on military ships, and ports such as Nagasaki, Kobe, and Yokohama had focal dengue outbreaks (8) . Okinawa had at least 10 epidemics recorded from 1893-1955, when the last dengue epidemic was reported in the Yaeyama region, although this was not recorded officially in a Japanese national report (9) ; Aedes aegypti, the principle vector of dengue, was also identified on Ishigaki Island until 1970 (10) . A retrospective serosurvey revealed that the dengue epidemics in Okinawa had been due to DENV-1 and DENV-2 (11) . Recently, 11 dengue cases were reported between 1999 and 2014 in Okinawa, and all seemed to have been infected overseas.
There are cross-reactive antigens within the DENV serotypes and also among different serogroups of the flaviviruses, such as JEV, which make serodiagnosis difficult in regions where 2 or more different serogroups coexist. In the case of primary infection by a flavivirus, a simple reaction is obtained for the causative agent, but in the case of secondary infection, the presence of a preexisting antibody and immunologic memories mean that seroreactivity is too broad for the DENV subgroup and also for the flavivirus subgroup to identify the causative virus of the more recent infection, even by a neutralization test, which is the most specific test for distinguishing the etiology (12) . In this study, we conducted serologic and virologic tests on an imported dengue case that occurred in February 2014 in Okinawa. We report here the seroreactivity of the patient and genetic analysis of the virus isolated in this study. We also discuss dengue control measures for robustly preparing against future epidemics in Okinawa.
MATERIALS AND METHODS
Sampling from the patient: Serum samples were obtained from a 72-year-old man who was clinically suspected of having dengue. Sampling was conducted 3 times: once to obtain acute-phase serum on February 21 and twice to obtain convalescent-phase sera on February 28 and March 5, 2014. Before serologic testing, sera were inactivated at 569 C for 30 minutes.
Isolation and identification of viruses: Acute-phase serum was tested for the virus and viral genome. The virus isolation and identification procedure were as described previously (13) . Briefly, serum was inoculated onto clone C6/36 mosquito A. albopictus cells and clone Vero African green monkey kidney cells and incubated for 7 days; the supernatant of the C6/36 cell culture was further inoculated chronologically onto C6/36 cells and that of the Vero cell culture onto Vero cells, involving so-called blind passages. The supernatants were then inoculated onto BHK-21 cells and incubated for 3 days. The presence of the virus was examined with an immunostaining assay using mouse polyclonal antibodies against DENV-1, DENV-2, DENV-3, and DENV-4. Reverse transcriptase polymerase chain reaction (RT-PCR) was conducted using the specific primers for DENV-1, DENV-2, DENV-3, DENV-4, and chikungunya virus as described previously (14) (15) (16) .
Sequences and nucleic acid sequence analysis: A total of 1,485 nucleotides of the envelope (E) gene region of isolate RD14/Okinawa in this study were sequenced directly using the specific primers as described previously (17) . Multiple alignments and the phylogenetic analysis were performed with the neighbor-joining (NJ) method using Clustal-X (18), and phylogenetic trees were drawn using the NJplot program (19) . The DENV-1 used for phylogenetic analysis in this study is listed in Table 1 .
Serologic test: For serologic analysis, 4 prototype strains of DENV-1 (Hawaiian), DENV-2 (New Guinea B), DENV-3 (H-87), and DENV-4 (H-241); the isolate in this study (RD14/Okinawa); and 2 JEV strains (Nakayama: vaccine, genotype 3; Beijing-1: vaccine, genotype 3) were used for 50z focus-reduction neutralization tests, as described previously (20, 21) . An indirect IgG enzyme-linked immunosorbent assay (ELISA) was conducted using a JEV vaccine for animals (Beijing-1, Kaketsuken, Kumamoto, Japan) as the ELISA antigen; anti-dengue antibodies could be detected by cross-reactivity between JEV and DENV. Laboratory diagnosis: A clinical diagnosis of dengue was made based on the clinical manifestations and general hematologic data. Detection of the DENVspecific genome by RT-PCR and virus isolation in C6/36 cells were carried out using acute-phase sera.
Serologic diagnosis was established when the IgM antibody was detected and a significant (4-fold or greater) rise in antibody titer in the convalescent-phase serum was observed. A positive result by any one of these laboratory tests was defined as DENV infection (12, 14) .
RESULTS
A man experienced a high fever in Okinawa, with the His platelet count fell from 70,000 to 35,000/mL 6 days after onset and then recovered to 125,000/mL 23 days after onset, whereas his C-reactive protein level was 1.03 mg/L in the acute phase but decreased to an undetectable level. Aspartate transaminase and alanine aminotransferase levels, indicators of liver function, were slightly elevated, and a tourniquet test for hemorrhagic tendency yielded negative results. IgM antibody against DENV was detected in the serum 6 days after onset at a health center using a commercial kit (Dengue Virus IgM Capture DxSelect TM , Focus Diagnostics; Cypress, CA, USA). For further etiologic study, the viral genome was tested for 4 serotypes of DENV and chikungunya virus in acute-phase serum using RT-PCR and nested PCR, with negative results. After inoculation of acute-phase serum onto C6/36 and Vero cells, the supernatant was tested sequentially for viral antigens via immunostaining and RT-PCR. As a result, the supernatant from 7 days after the blind passage via C6/36 was positive for viral antigen, but that after the passage via Vero was always negative. The DENV-1 polyclonal antibody strongly stained for the viral antigen. In addition, the shape of the focus of the isolate differed from the Hawaii strain of DENV-1 used as a positive control, indicating that the isolate was not the result of contamination. The supernatant was further tested using RT-PCR with specific primers for each serotype of DENV, and a positive result for DENV-1 was obtained. Therefore, together with the background of the patient's history of a trip overseas, the serologic results mentioned below, and his physical signs, it was concluded that the patient's symptoms were due to DENV-1 infection with a recently wellrecognized serotype from Southeast Asia, including Indonesia. This isolate, designated as RD14/Okinawa, was further analyzed genetically based on 1,485 nucleotides of the entire E region and compared to published strains. The results indicate that the isolate belongs to genotype 1 of DENV-1 (Fig. 1 ). In addition, the isolate is closely related to the Singapore strains isolated in 2009 and 2010, and the cluster to which the isolate belongs includes the Indonesia Java strain SKB-CM002/12/INDO isolated in 2012 and Japanese isolates from patients infected at Yoyogi Park, Tokyo, and Saitama during a focal outbreak in 2014.
For serologic testing, significant increases in N-titers against DENV-1 and DENV-3 and seroconversion ob-served in ELISA titers and in N-titers against DENV-2, DENV-4, RD14/Okinawa, and JEV Nakayama and Beijing-1 strains were recognized in both acute-and convalescent-phase sera ( Table 2 ). The N-titers against DENV-1 and isolate RD14/Okinawa were the highest among those against all serotypes of DENV, and interestingly, those against JEV Nakayama and Beijing-1 strains were significantly higher than those against DENV-1 and RD14/Okinawa. In the case presented here, the patient showed a secondary immune response, and the causative virus was not identified merely by the neutralization test, but by IgM antibody detection, as described above.
DISCUSSION
An imported case of dengue, in which the patient had a history of recent travel to Bali, Indonesia, was confirmed in Okinawa in February 2014; infection with DENV-1 was proven by virus isolation, together with clinical manifestations and the results of serologic testing. The isolate belongs to genotype I of DENV-1 and is closely related to the Southeast Asian strains and isolates identified in Japan during the dengue outbreak in 2014.
Two genotypes of DENV-1, I and IV, have been circulating in Surabaya, Indonesia, since 2008 (22) and Java, Indonesia, since 2012 (23) . The isolate in this study belonging to genotype I of DENV-1 was closely related to the Indonesian strains, which coincides with the destination of the patient's recent trip. Kotaki et al. (22) speculated that genotype I in Indonesia might have been introduced into Surabaya from other Southeast Asian countries, including Thailand, Singapore, Vietnam, and Malaysia, within the last 15 years. The dengue outbreak in Japan in 2014 was also caused by genotype I of DENV-1. Okinawa thus also has a risk of imported dengue and domestic infection.
The N-titers of DENV-1 (Hawaii) and DENV-3 were recognized in acute-phase sera. Serologically, the patient had a secondary immune response for dengue, suggesting his exposure to DENV. It is believed that an N-titer of more than 10 can protect against homotypic infection. However, DENV-1 was responsible for the symptoms of the patient in this study, and the antibody allowed homotypic infection and virus isolation. These phenomena were also reported previously (24) . The Ntiter against RD14/Okinawa was less than 10 in acutephase sera, but increased to 590 in convalescent-phase serum, which is the highest titer among the DENVs. A possible explanation for this phenomenon is the different antigenicity between the Hawaii strain used in this neutralization test and RD14/Okinawa, which may allow escape from neutralization, despite the 2 strains belonging to the same genotype. Fourteen amino acid differences in the entire envelope protein between RD14/Okinawa and the Hawaii strain were observed, including 2 sites (I324V and I380V) in domain III where the neutralization epitope exists (25); 4 sites (S155T, T161I, T171S, and T277K) in the domain I-II hinge region, one of the principal determinants in type-specific neutralizing antibodies in humans (26) ; and 8 other sites (S8N, S227P, Q234E, V251A, F402L, V461I, T473A, and L484M). Notably, residue 277 in the kl loop is important for variability of conformation (26) , which might be responsible for this antigenic difference. For laboratory diagnosis, use of the RD14/Okinawa strain can be appropriate for neutralization testing to reflect recent circumstances.
Interestingly, the N-titer against JEV Beijing-1 increased from less than 10 to 32,000, which was significantly higher than that against DENV. It is also known that a secondary response by sequential infection can occur not only for dengue serotypes but also for other flaviviruses such as JEV and yellow fever virus; this phenomenon is understood in the wider concept of`o riginal antigenic sin'' (12) . The patient, aged 72, had probably previously been exposed to JEV by natural infection, because vaccinations of JEV with the Nakayama strain had been started in Okinawa in 1972, but at the time, the patient would have been 30 years old, which was not the target age for vaccination. Vaccinations with the Beijing-1 strain were started in 1989. The immune status to the Beijing-1 and Nakayama strains would have decreased to an undetectable level. It is also known that there is a variety of antigenicity for JEV strains. In the case presented here, diagnosis of DENV-1 infection by serologic testing was not possible. Makino et al. (12) , interestingly, mentioned that a group of cases with a significant increase in antibodies against both JEV and DENV in the convalescent phase had the highest rate of DENV isolation and detection of the virus genome. Further study of additional cases is needed for more in-depth investigation in the future.
Approximately 200 imported dengue cases are reported every year in Japan. Even if no domestic infection and few imported cases were reported in Okinawa, the cases might be underestimated and overlooked, because of the lack of doctors with clinical experience with dengue. Okinawa is a risk area for establishing a transmission cycle as it lies in a subtropical region in which A. albopictus can survive throughout the year (27) and for viral invasion as it is also a tourist destination for visitors from within Japan (approximately 6 million) and from other countries (approximately 550,000). At present, there is no specific treatment or vaccine for dengue; therefore, risk assessment through robust monitoring of cases of fever and vector mosquitoes is very important. In order to prepare for epidemics practically and effectively, control measures can be implemented immediately, for example, providing education in communities regarding controlling mosquito breeding sites through cleaning campaigns, avoiding mosquito bites, and warning against the use of aspirin during a fever.
